tact and of normal appearance. Diarrhea had been treated with an intestinal protectant a and had reportedly resolved, but depression continued unabated. The filly was mildly anemic prior to referral (packed cell volume ഠ 20%) and was treated with an oral iron supplement source, which the farm manager reported the foal aspirated.
At presentation, the foal was standing and able to walk into the stall. General appearance was thin and unthrifty, and attitude was dull and depressed. Rectal temperature of 101.4 F and heart rate of 90 beats/minute were within normal limits. The filly was severely tachypneic at 80 breaths/minute and moderately dyspneic. Clinically, the foal was approximately 8% dehydrated. Generalized harsh lung sounds were ausculted, and a red sticky fluid, similar in appearance to the iron supplement, was present in and around both nares. There was a generalized decrease in borborygmi and evidence of moderate colic. Dried diarrheic feces were present on the perineum. The umbilical cord remnant was dry and palpably within normal limits for a 6-day-old foal. Abdom-inal ultrasonography demonstrated enlargement of the right umbilical artery by a hypoechoic density consistent with a blood clot.
Initial arterial blood gas, clinical chemistry, and hematology abnormalities included metabolic acidosis (pH 7.28; base excess, Ϫ10.4 mmol/liter), hypoxemia (67.9 mmHg), hypocapnia (32.5 mmHg), hypoglycemia (53 mg/dl), leukopenia (3,270 cells/l), neutropenia (1,472 cells/l), a degenerative left shift (294 band cells/l; Doehle bodies and mature segmented neutrophils with toxic cytoplasmic changes), hyperfibrinogenemia (870 mg/dl), and hyponatremia (123.2 meq/liter). At admission, packed cell volume was 36% and total protein was 6.4 gm/dl. Serum IgG, determined by a commercially available enzyme-linked immunosorbent assay, b was adequate at Ͼ800 mg/dl. Whole blood was aseptically collected and submitted for aerobic and anaerobic culture at admission. Based on the history, physical examination findings, and laboratory abnormalities, a preliminary diagnosis of bacterial septicemia with possible aspiration pneumonia was made.
Six hours after admission, the foal developed severe respiratory distress. Abnormal lung sounds were present over all lung fields. By 8 hours after admission, the foal was no longer making any effort at spontaneous ventilation and was in septic shock. Permission was granted for euthanasia.
On postmortem examination the following day, approximately 3 liters of orange-yellow serous fluid was present in the thoracic cavity. Fibrin tags were multifocally distributed on the ventral and caudodorsal surface of the lung. There were a few fibrinous adhesions between the lung and the pleura. The lungs were mottled red-black with small yellow foci throughout the lung parenchyma with sparing of the caudoventral lung edges. The cranial two-thirds of the lungs were diffusely consolidated and firm. The diameter of the right umbilical artery was larger than that of the left (luminal diameter ϭ 0.7 cm) and contained a large blood clot. All other body systems appeared grossly normal.
Buffered formalin-fixed, paraffin-embedded tissues were cut into 5-m sections and stained with hematoxylin and eosin (HE), Gram's stain, and Prussian blue. Duplicate sections of all tissues were also stained by an immunohistochemical procedure to detect L. monocytogenes using a commercially available anti-Listeria antibody c with an alkaline phosphatase-avidin-biotin method with BioTek Red d as the chromogen. This technique has been previously described in detail. 9 Prussian blue was utilized to identify iron deposits potentially associated with aspiration of the iron supplement.
The most severe lesions were identified in the lung. There was severe bronchopneumonia and vasculitis (Fig. 1A) . The majority of the bronchioli were filled with abundant exudate comprised of viable and necrotic immature neutrophils and macrophages admixed with large colonies of gram-variable coccobacilli (Fig. 1B) . The bronchiolar epithelium was occasionally degenerate and necrotic, with diapedesis of leukocytes. The alveolar septal capillaries were severely diffusely congested with multifocal rhexis and consequent severe alveolar flooding, with serum, fibin, erythrocytes, and numerous coccobacilli occasionally contained within the cytoplasm of macrophages and neutrophils. Arterioles and venules contained fibrin and fibrinocellular thrombi, and some vessels had fibrinoid necrosis of the tunica media, with infiltration of neutrophils (Fig. 1C ). Beneath the visceral pleura there was severe perivascular acute hemorrhage.
The liver contained a few random microabscesses, and Kupffer cells were hypertrophied. In the blood vessels of the intestinal submucosa, meninges, choroid plexi, and a few other visceral organs, there were fibrinous microthrombi, consistent with disseminated intravascular coagulation, and clumps of macrophages and lymphocytes. The spleen was severely depleted of lymphocytes, and the germinal centers of the lymphoid follicles were replaced by eosinophilic homogenous material. Randomly scattered within the lung in bronchioli, alveoli, and foci of necrosis, there were clumps of finely granular, punctiform dark brown material that was Prussian blue negative. This material frequently colocalized with large bacterial colonies. No histologic abnormalities were present within the central nervous system.
Listeria monocytogenes antigen (LMAg) was abundant in the lung and corresponded to the intrabronchiolar and intraalveolar bacterial colonies (Fig. 2) . A few positive coccobacilli were located within blood vessels within the fibrin thrombi.
Virus isolation for equine herpes virus type 1 (EHV-1) and equine arterivirus and fluorescent antibody testing for EHV-1 were negative. Listeria monocytogenes was isolated from the blood culture obtained at admission, at 6 hours after admission and from lung and liver samples obtained at postmortem examination. Because the foal did not survive, antimicrobial sensitivity testing was not performed.
Listeria monocytogenes is a facultative intracellular parasite that is ubiquitous within the environment and tends to be an opportunistic pathogen. 4, 15 It is shed from the intestine of many animals that serve as carriers, resulting in contaminated soils and vegetation. 3 Route of infection is generally oral, although entry may be gained via nasal mucosa, conjunctiva, or wound contamination. In this foal, additional potential routes of infection included the umbilical remnant, the respiratory tract, and in utero transmission. The most common mode of transmission of L. monocytogenes is by fecal contamination.
The septicemic form of listeriosis in horses, although rare, has been described as causing fever, mild colic, depression, and anorexia. 5 The initial complaints of the foal in this report were diarrhea and depression; however, these complaints are common in foals with sepsis due to many organisms and are not limited to listeriosis. Clinical signs of systemic disease in this case were first reported at 3 days of age. Of the 2 well-described cases in the literature, 1,14 1 foal developed clinical signs at 1 month of age and the second developed signs at 7 days of age. The clinical course for all 3 cases ranged from 3 days to 2 weeks. Only 1 foal survived. 14 Clinical disease caused by L. monocytogenes reportedly does not occur unless the host's normal resistance is diminished due to stress, concurrent illness, climate, pregnancy, large infective dose, or immunoincompetency. As a facultative intracellular parasite, L. monocytogenes can remain protected from cellular immunity and remain dormant within the cell once it is phagocytized. 10 In this case, although passive immunity was thought to be adequate based on serum IgG determination, humoral immunity provided no protec- tion from this particular pathogen. With a large infective dose, the immunocompetent but immature cellular immunity of the equine neonate may be overwhelmed.
Repeated blood cultures, histopathology, and immunohistochemistry findings provided evidence for hematogenous spread of the organism in this foal. The random miliary distribution of abscesses within lung and liver and the identification of LMAg within these abscesses and microvascular thrombi strongly suggest embolic showering of the organism, perhaps associated with terminal septic shock crisis and probable disseminated intravascular coagulation. Unfortunately, the blood clot present in the right umbilical artery was not cultured for bacteria nor was it submitted for histopathologic examination, so it cannot be determined whether the umbilical remnant was the primary source of infection in this case. The severity and chronicity of the lung lesions suggest that the respiratory tract may have been an initial site of infection. Physical examination findings, gross and histopathological findings, and the history of reported aspiration of the liquid iron supplement support aspiration pneumonia as a complication in this case and a contributor to the demise of the foal. The iron supplement may have been contaminated with the bacterium, and bacteremia may have occurred once infection was established within the lung. 12 Colocalization of a pigment suggestive of iron with large bacterial colonies within bronchioles is highly suggestive of aspiration of a contaminated product. This pigment did not stain with Prussian blue as hemosiderin, was not found within other tissues, was not birefringent, and because the formalin used for fixation was buffered, was not thought to be acid hematin. Unfortunately, the supplement was discarded and was not available for culture.
Infection of human neonates usually occurs in utero, and transmission in this foal may have occurred transplacentally from the dam or via milk from the dam. Listeria monocytogenes has been recovered from the milk of subclinically infected animals, and infected milk has been associated with human outbreaks of listeriosis. 6, 7, 16 There were no other reports of abortion or abnormal foals from this particularly breeding facility, excepting a pair of twins. In humans, the most commonly reported presentations for perinatal listeriosis include prematurity, maternal influenza-like illness, and reduced fetal movements. 2 The affected foal was born postmature, and there was no report of maternal illness preceeding parturition. In a case of equine abortion caused by L. monocytogenes serotype 4, 16 the mare had experienced a minor respiratory infection 2 weeks prior to the abortion. Additionally, the mare had been wintered with cattle and had free access to silage, a known source of L. monocytogenes. Immunohistochemistry has been utilized in human studies to retrospectively diagnose perinatal listeriosis in humans. 13 Although immunohistochemistry was used to localize the pathogen in this foal, the placenta had been discarded and was unavailable for examination, so in utero infection cannot be completely ruled out. 11, 13 Immunohistochemistry may be beneficial both retrospectively and prospectively in potential cases of perinatal listeriosis where bacterial cultures have been equivocal or reported as contaminated.
